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 ABSTRACT 
 The objectives of this study were to assess the clini-
cal and metabolic risk factors for clinical endometritis, 
the likelihood for having a normal vaginal discharge 
during postpartum, and the effects of endometritis 
on milk yield, reproductive efficiency, and metabolic 
status in Holstein cows. The study was conducted in a 
commercial dairy herd (Cordoba, Argentina) where 303 
Holstein cows were enrolled. Cows were body condition 
scored (1 to 5) and tail bled on −14, 7, 21, 31, 41, 
and 50 d relative to parturition. Cows having a vaginal 
discharge with presence of pus between 21 and 41 d 
postpartum (dpp) were diagnosed as having clinical 
endometritis. Plasma blood samples were analyzed for 
nonesterified fatty acids (NEFA), β-hydroxybutyrate 
(BHBA), and blood urea nitrogen using commercial kits 
and insulin-like growth factor 1, insulin, and leptin by 
RIA. Data were analyzed with PROC MIXED, PROC 
GENMOD, and PROC PHREG of SAS (SAS Institute 
Inc., Cary, NC). Abnormal calving and puerperal me-
tritis increased the risk for endometritis [adjusted odds 
ratio (AOR) = 2.21 for both]. High prepartum NEFA 
and high postpartum BHBA increased the risk for 
endometritis (AOR = 1.003 and 1.001, respectively), 
whereas high prepartum blood urea nitrogen reduced 
it (AOR = 0.853). Cut-offs of 456.6 μM NEFA and 
402.5 μM BHBA had sensitivities of 0.69 and 0.58, and 
specificities of 0.88 and 0.86, respectively. The likeli-
hood for having normal vaginal discharge increased 
with time (~1% × dpp) and with normal calving. Cows 
with endometritis had higher milk yield than normal 
herdmates (27.8 ± 0.9 vs. 25.7 ± 0.4 kg/d), lower risk 
for pregnancy by 100 dpp (AOR = 0.10), higher non-
pregnancy risk by 200 dpp (AOR = 2.87), and higher 
risk for culling than normal cows (AOR = 2.28). Cows 
with endometritis had a lower hazard rate (0.44) for 
pregnancy and had approximately 70 d longer calving-
to-conception intervals. Finally, endometritis had no 
effect on metabolic hormones. In conclusion, the risk 
for clinical endometritis increases with abnormal calv-
ing and puerperal metritis, as prepartum NEFA and 
postpartum BHBA concentrations increase. Prepartum 
NEFA and postpartum BHBA could be useful for the 
prediction of endometritis. Last, clinical endometritis 
has detrimental effects on reproductive efficiency, as 
affected cows take longer to get pregnant and are at 
higher risk for culling. 
 Key words:   dairy cow ,  clinical endometritis ,  risk fac-
tor ,  reproductive efficiency 
 INTRODUCTION 
 Uterine infections, such as metritis and endometritis, 
are very common in postparturient dairy cows and are 
highly associated with reproductive losses (Fourichon 
et al., 2000; LeBlanc et al., 2002; Gilbert et al., 2005; 
McDougall et al., 2007; Barlund et al., 2008; Runciman 
et al., 2008; Gautam et al., 2009, 2010; Dubuc et al., 
2010a, 2011b). An interesting finding regarding uterine 
infections is that general consensus exists about their 
detrimental effects on reproductive performance but 
no standard definition has been universally accepted 
(Gilbert et al., 2005; Barlund et al., 2008). Examina-
tion of vaginal discharge (VD) is one of the most useful 
diagnostic procedures, as the presence of pus in the 
vagina is correlated with the presence of pathogenic 
bacteria in the uterus (LeBlanc et al., 2002; Williams 
et al., 2007). Fortunately, case definitions for uterine 
diseases have recently been proposed (Sheldon et al., 
2009). Thus, cows having pus in VD, 21 d postpar-
tum (dpp) or more, without systemic signs of illness 
are defined as having clinical endometritis and cows 
having a high percentage of polymorphonuclear cells 
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in uterine cytology samples 21 to 47 dpp are defined 
as having subclinical endometritis (Sheldon et al., 
2009). Among the most widely accepted clinical risk 
factors for endometritis are calving problems (dystocia, 
retained placenta, and stillbirth) and metritis (Ghanem 
et al., 2002; Le Blanc et al., 2002; Dubuc et al., 2010a; 
Gautam et al., 2010; Potter et al., 2010). Regarding 
metabolic risk factors for the disease, results have been 
controversial. Some researchers found an effect of high 
prepartum NEFA on the risk for endometritis (Könyves 
et al., 2009; Kaufmann et al., 2010), whereas others 
do not (Dubuc et al., 2010a). Therefore, no concluding 
data exist about the effect of negative energy balance 
on the risk for endometritis. Also, there is a lack of data 
on the effect of endometritis on metabolic hormones 
(Burke et al., 2010).
The objectives were to assess (1) the (clinical and 
metabolic) risk factors for clinical endometritis in Hol-
stein dairy cows; (2) the value, at the individual cow 
level, of these metabolic indicators as predictors for the 
risk for endometritis; (3) the evolution of VD during 
the postpartum period; and finally, (4) the effects of 
endometritis on reproductive performance, milk yield, 
and indicators of metabolic status (metabolites and 
metabolic hormones).
MATERIALS AND METHODS
Animals and Treatments
The study was conducted in a commercial dairy herd 
(32°49? S, 62°52? W, Argentina) where autumn-calving 
Holstein cows (n = 303) were enrolled. Prepartum tran-
sition cows that were within 3 wk of expected calving 
date were maintained on dry lots, fed a diet with low 
cation-anion difference, and monitored for signs of calv-
ing by farm employees trained to assist with parturi-
tion. After calving, cows were sent for 3 d to the fresh 
herd and kept on a dry lot. At 4 dpp, healthy cows 
were moved to a lactating herd kept in a dry lot and 
fed 4 times daily. Diets for both pre- and postpartum 
transition cows were TMR formulated to meet or ex-
ceed the requirements of lactating dairy cows according 
to guidelines established by the NRC (2001). Lactat-
ing dairy cows were milked 3 times/d (0400, 1200, and 
2000 h). Conventional therapy was used for metritis 
(Ceftiofur hydrochloride, 2.2 mg/kg of BW i.m. for 3 
consecutive days; Ceobiotic; Tecnofarm SRL, Provincia 
de Buenos Aires, Argentina) and endometritis (150 μg 
of PGF analog/cow; Ciclase; Syntex SA, Buenos Aires, 
Argentina). After a voluntary waiting period of 40 d, 
healthy cows having normal clear or clear with flecks 
of pus VD were estrous synchronized and received a 
timed AI (TAI) 50 dpp. Pregnancy was checked by 
rectal palpation 35 d post-TAI. After initial TAI, all 
cows were detected twice daily for estrus and AI using 
the a.m./p.m. rule.
Sampling
At −14, 5 to 7, 21, 31, 41, and 50 dpp cows were 
body condition scored (5-point scale; Edmonson et al., 
1989; Ferguson et al., 1994) and blood sampled from 
tail vessels between 1600 to 1800 h. Blood samples 
were collected in 10-mL polystyrene vials containing 
20 mg of Na2EDTA and kept in ice bath during sam-
pling. Plasmas were harvested within 2 h after sam-
pling and stored at −20°C until analysis. Samples of 
vaginal discharge, obtained with a gloved hand, were 
observed by direct inspection and classified as normal 
clear discharge (VD-0); clear discharge with pus flecks 
(VD-1); mucopurulent, not fetid discharge (VD-2); or 
watery, purulent or brown colored, and fetid (VD-3; 
Williams et al., 2005). Calving history and milk yield 
were obtained from dairy records.
Diagnostic Criteria
Cows having a VD-1, VD-2, or VD-3 between 21 and 
41 dpp were defined as having clinical endometritis. 
Cows having a VD-3 and a rectal temperature <39.1°C 
on 5 to 7 dpp were declared as having clinical metri-
tis, and cows having a VD-3 and a rectal temperature 
≥39.1°C on 5 to 7 dpp were considered as having puer-
peral metritis.
Laboratory Analysis
Metabolites. Blood plasma samples were analyzed 
for NEFA, BHBA, and BUN using commercial kits 
[NEFA-HR(2) (Wako Chemicals USA Inc., Richmond, 
VA); Ranbut RB1007 (Randox Laboratories Ltd., Co. 
Antrim, UK); and Urea Color-2 (Wiener Laboratories 
SAIC, Rosario, Argentina), respectively]. Intraassay 
coefficients of variation were 5.7, 6.3, and 6.5% respec-
tively. Interassay coefficients of variation were 7.1, 7.6, 
and 7.8% respectively. Metabolite concentrations were 
expressed in micromolar concentrations for NEFA and 
BHBA, and as milligrams per deciliter for BUN.
Metabolic Hormones. Hormones were measured 
by RIA as previously described (Lacau-Mengido et al., 
2000; Díaz-Torga et al., 2001; Becú-Villalobos et al., 
2007). Briefly, the IGF-1 RIA was performed, after 
acid-ethanol extraction, with the IGF-1 antibody [UB2-
495, Hormone Distribution Program of the National 
Institute of Diabetes & Digestive & Kidney Diseases 
(NIDDK), Bethesda, MD]. The minimum detectable 
concentration was 0.33 nM. Intra- and interassay coef-
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ficients of variation were 7.2 and 8.8%, respectively. 
Insulin RIA was performed by using anti-bovine insulin 
antibody (Sigma, St. Louis, MO) and standard human 
insulin (Laboratorios Beta SA, Buenos Aires, Argen-
tina). The minimum detectable concentration was 0.08 
ng/mL, and intra- and interassay coefficients of varia-
tion were 6.8 and 8.9%, respectively. Leptin RIA was 
performed by a double antibody method with ovine-
specific antiserum (Delavaud et al., 2002) and recombi-
nant bovine leptin (DS Laboratories Inc., Webster, TX; 
Becú-Villalobos et al., 2007). The minimum detectable 
concentration of leptin was 0.02 nM and intra- and 
interassay coefficients of variation were 6.7 and 9.0%, 
respectively. Metabolic hormone concentrations were 
reported in nanograms per milliliter.
Statistical Analysis
Data are shown as least squares means ± standard 
error. Statistical significance was set at P < 0.05 and a 
trend for significance was set at P < 0.10. The cow was 
considered the experimental unit.
Binomial Variables. The logistic model for clini-
cal risk factors for clinical endometritis included the 
fixed effects of parity (1 vs. ≥2), calving (normal vs. 
abnormal), metritis (no vs. clinical vs. puerperal), and 
their second-order interaction. The model for metabolic 
risk factors included the effects of BCS, NEFA, BHBA, 
BUN, IGF-1, insulin, and leptin 14 ± 3 d prepartum 
and 6 dpp. The model for reproductive outcomes was 
similar to that of clinical risk factors but included the 
fixed effect of clinical endometritis (yes vs. no). Models 
were analyzed with PROC GENMOD (SAS Institute, 
2003) with binomial distributions and logit link func-
tions. Modeling was performed using a manual back-
ward elimination method with an exclusion criteria set 
at P > 0.2.
Receiver Operator Characteristic. Receiver 
operator characteristic (ROC) analyses were used to 
determine critical thresholds for predicting clinical 
endometritis by using SigmaPlot 10.0 software (Systat 
Software Inc., 2006). The ROC curve analyzes sensitiv-
ity (Se) versus 1 − specificity (Sp). Sensitivity was 
the proportion of cows having clinical endometritis that 
was above a given threshold, and Sp was the propor-
tion of animals not having clinical endometritis that 
was below a given threshold. Likelihood ratio positive 
(LR+) was the probability that a test result at or 
above the threshold would be more likely to come from 
a cow later diagnosed with endometritis (Greiner et 
al., 2000). The critical threshold was the point on the 
ROC curve that had the highest combined Se and Sp. 
Interpretation of critical threshold was based on the 
area under the curve. Swets (1988) suggested that the 
test is noninformative if the area is 0.5, that it is ac-
curate if the area is 0.5 to 0.7, that it is very accurate 
if the area is 0.7 to 0.9, that it is highly accurate if the 
area is 0.9 to 1.0, and finally, that it is perfect if the 
area under the curve is 1.
Multinomial Variables. Vaginal discharge was 
also analyzed as an ordinal variable repeatedly through 
the postpartum period (7–41 dpp). Thus, a repeated 
multinomial regression was run with PROC GENMOD 
(SAS Institute, 2003). A multinomial distribution (i.e., 
VD-0, VD-1, VD-2, and VD-3) and cumulative logit 
link function were used. The model included the fixed 
effect of time (7, 21, 31, and 41 dpp), parity (1 vs. ≥2), 
calving (normal vs. abnormal), metritis (no vs. clinical 
vs. puerperal), and their second-order interactions.
Time to Event Variables. Calving-to-conception 
and calving-to-culling intervals by 300 dpp were ana-
lyzed with PROC PHREG (SAS Institute, 2003). Cox 
proportional-hazards regression models included the 
same fixed effects as logistic models for reproductive 
performance. Modeling was performed using a manual 
backward elimination method with an exclusion crite-
ria set at P > 0.2. Time intervals (median ± 95% CI) 
for days open and survival function estimates were ob-
tained from PROC LIFETEST (SAS Institute, 2003).
Continuous Variables. Milk, metabolites, and 
metabolic hormones were analyzed with PROC MIXED 
(SAS Institute, 2003) as repeated measures. The model 
included the random effect of the cow and the fixed 
effect of time (sampling day), together with the fixed 
effects previously described for logistic models assess-
ing reproductive performance. The covariance structure 
having the smallest Akaike information criterion and 
Schwarz Bayesian criterion was used (Littell et al., 
2002). A polynomial contrast was used to test the lin-
ear and quadratic effects of time on response variables, 
and another contrast was used to compare prepartum 
versus postpartum values.
RESULTS
Incidences of clinical endometritis during the post-
partum period were 54.1% (164/303) at 21 dpp, 33.0% 
(100/303) at 31 dpp, and 14% (45/303) at 41 dpp.
Risk Factors
Parity had no effect on the risk for clinical endometri-
tis (P = 0.40). Cows with abnormal calving had higher 
risk for endometritis than normal calving herdmates 
[adjusted odds ratio (AOR) = 2.214, 95% CI = 1.069 
to 4.586; Table 1]. Metritis had a trend for an effect on 
the risk for endometritis (P = 0.095); specifically, cows 
with puerperal metritis had greater odds of developing 
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the disease than no-metritis herdmates (AOR = 2.214, 
95% CI = 1.069 to 4.586; Table 1). High prepartum 
NEFA increased the risk for endometritis (AOR = 
1.003, 95% CI = 1.000 to 1.005), whereas high prepar-
tum BUN reduced it (AOR = 0.853, 95% CI = 0.689 
to 1.058; Table 1). Postpartum BHBA increased the 
risk for endometritis (AOR = 1.001, 95% CI = 0.999 to 
1.003; Table 1). The remaining indicators had no effect 
on the risk for the disease.
Prepartum NEFA had an ROC area of 0.75 ± 0.09 
(P = 0.019) and a cut-off of 456.6 μM (Se = 0.693, Sp 
= 0.875, and LR+ = 5.419; Figure 1), whereas post-
partum BHBA had an ROC area of 0.74 ± 0.07 (P = 
0.042), a cut-off of 402.5 μM (Se = 0.579, Sp = 0.857, 
and LR+ = 4.051; Figure 2). The remaining predictors 
had ROC areas with P > 0.10.
Cure Rate. Evolution of VD during the postpartum 
period is shown in Figure 3. The multinomial model 
showed that day had an effect on the risk for cure (that 
is, for having a VD-0, AOR = 1.073, 95% CI = 1.063 
to 1.084, P < 0.001), and also that normal calving cows 
had higher odds for VD-0 than abnormal calving herd-
mates (AOR = 2.557, 95% CI = 1.737 to 3.765, P < 
0.001). The remaining predictors and their second-order 
interactions had no effect (P > 0.1). As the AOR for 
day seemed to be misleading (i.e., 7% increase in cure 
rate per 1-d increase during the postpartum period), 
the following equation: AOR = β × pi (1 − pi) was used 
to address this concern (Allison, 1999), where β is the 
regression coefficient for day [0.0705 (95% CI = 0.0608 
to 0.0802)] and pi is the probability for VD-0 (0.8289). 
Table 1. Clinical and metabolic risk factors for clinical endometritis in Holstein dairy cows (n = 303 and 110, respectively) 
Item
Incidence Risk for clinical endometritis1
% No./total no. AOR 95% CI P-value
Clinical risk factor
 Calving 0.019
   Normal 13.5 35/260 Referent
   Abnormal 23.3 10/43 2.214 1.069–4.586
 Metritis 0.095
   No metritis 11.4 21/184 Referent
   Clinical metritis2 13.8 4/29 1.399 0.431–4.356
   Puerperal metritis3 22.2 20/90 2.214 1.069–4.586
Metabolic risk factor4
 Prepartum NEFA5 — 110 1.003 1.000–1.005 0.045
 Prepartum BUN6 — 110 0.853 0.689–1.058 0.15
 Postpartum BHBA7 — 110 1.001 0.999–1.003 0.010
1Clinical endometritis: cows having a vaginal discharge (VD) other than normal clear VD 41 d postpartum (dpp). AOR = adjusted odds ratio.
2Clinical metritis: cows having a watery, purulent or brown-colored, and fetid VD, with rectal temperature <39.1°C 5 to 7 dpp.
3Puerperal metritis: cows having a watery, purulent or brown-colored, and fetid VD with rectal temperature ≥39.1°C 5 to 7 dpp; second-order 
interactions had no effect on the clinical risk for clinical endometritis (P > 0.10).
4Risk factors with P > 0.2 were excluded from the table.
5Nonesterified FA concentration 14 ± 3 d prepartum.
6Blood urea nitrogen concentration 14 ± 3 d prepartum.
7β-Hydroxybutyrate concentration 6 dpp.
Figure 1. Receiver operator characteristic (ROC) analysis evalu-
ation of NEFA 14 d postpartum (dpp) as a diagnostic test for clini-
cal endometritis in dairy cows (n = 110). Prepartum NEFA had an 
ROC area (LSM ± SE) = 0.75 ± 0.09 (P = 0.019), a cut-off = 456.6 
μM [sensitivity (Se) = 0.693, specificity (Sp) = 0.875, likelihood ratio 
positive (LR+) = 5.419, positive predicted values (PV+) = 0.85, and 
negative predicted values (PV−) = 0.74]. Vaginal discharge other than 
clear normal obtained with a gloved hand 41 dpp was used as the gold 
standard. Sensitivity was the proportion of cows having endometritis 
that was above the threshold, and Sp was the proportion of animals 
not having endometritis that was below the threshold. Likelihood ratio 
positive was the probability that a test result at or above the threshold 
would be more likely to come from a cow later diagnosed with endo-
metritis. The cut-off was the point on the ROC curve that had the 
highest combined Se and Sp.
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The corrected change in probability for VD-0 is 0.99 
(0.86 to 1.14) per 1-d increase during the postpartum 
period (between 7 and 41 dpp).
Effects on Reproduction
Clinical endometritis decreased the risk for preg-
nancy by 100 dpp (AOR = 0.098, 95% CI = 0.022 to 
0.433, P = 0.002), increased the risk for nonpregnancy 
by 200 dpp (AOR = 2.868, 95% CI = 1.276 to 6.448, P 
= 0.011), reduced the hazard for pregnancy by 300 dpp 
(hazard rate = 0.438, 95% CI = 0.298 to 0.644, P < 
0.001), and extended the calving-to-conception interval 
by approximately 70 d, from a median (95% CI) of 115 
(102 to 123) to 184 (153 to 233), log-rank test = 20.04, 
degrees of freedom = 1, P < 0.001; Figure 4). Finally, 
clinical endometritis increased the risk for culling (AOR 
= 2.275, 95% CI = 1.052 to 4.919, P = 0.034).
Effects on Milk Yield
Clinical endometritis had an effect on milk produc-
tion (25.67 ± 0.41 vs. 27.78 ± 0.93 hg/d, no vs. yes, 
respectively, P = 0.040; Table 2). Time by parity had 
an effect on milk yield (P < 0.001; Table 2), with mul-
tiparous cows producing more milk (~5 kg/d) than 
primiparous herdmates from early to mid lactation (up 
to 165 d, P < 0.01), and less milk (~4 kg/d) than 
primiparous cows at the end of lactation (185 d, P < 
0.01; figure not shown). Finally, time had a quadratic 
effect on milk (P < 0.001; Table 2).
Figure 2. Receiver operator characteristic (ROC) analysis evalu-
ation of BHBA 6 d postpartum (dpp) as a diagnostic test for clinical 
endometritis in dairy cows (n = 110). Postpartum BHBA had an ROC 
area (LSM ± SE) of 0.74 ± 0.07 (P = 0.042), a cut-off = 402.5 μM 
[sensitivity (Se) = 0.579, specificity (Sp) = 0.857, and likelihood ratio 
positive (LR+) = 4.051, positive predicted values (PV+) = 0.80, and 
negative predicted values (PV−) = 0.67]. Vaginal discharge other than 
clear normal obtained with a gloved hand 41 dpp was used as the gold 
standard. Sensitivity was the proportion of cows having endometritis 
that was above the threshold, and Sp was the proportion of animals 
not having endometritis that was below the threshold. Likelihood ratio 
positive was the probability that a test result at or above the threshold 
would be more likely to come from a cow later diagnosed with endo-
metritis. The cut-off was the point on the ROC curve that had the 
highest combined Se and Sp.
Figure 3. Evolution of vaginal discharge (VD) during the postpar-
tum period in Holstein dairy cows (n = 303). Vaginal discharge was 
classified as follows: normal clear (VD-0); clear with flecks of pus (VD-
1); mucopurulent, not fetid (VD-2); and watery, purulent or brown-
colored, and fetid vaginal discharge (VD-3). The probability for having 
normal VD increased 0.99% (0.86 to 1.14) per 1-d increase during the 
postpartum period (between 7 and 41 d).
Figure 4. Survival function curves of calving-to-conception inter-
vals by 300 d postpartum (dpp) in Holstein dairy cows (n = 303). 
Clinical endometritis was defined as cows having vaginal discharge 
other than normal and clear 41 dpp. Cows with clinical endometri-
tis had longer calving-to-conception intervals than normal herdmates 
[median (95% CI): 184 (153 to 233) vs. 115 (102 to 123), respectively; 
log-rank test = 20.04, df = 1, P < 0.001].
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Effects on Metabolic Status
Time had effects on BCS, BUN, and IGF-1 (P < 
0.001; Table 2). Parity (primiparous vs. multiparous 
cows) had effects on BCS (2.58 ± 0.03 vs. 2.65 ± 0.03, 
P = 0.029), NEFA (548.73 ± 38.49 vs. 644.03 ± 31.67, 
P = 0.019), BUN (7.75 ± 0.76 vs. 11.86 ± 0.63, P 
< 0.001), and insulin (1.62 ± 0.12 vs. 1.28 ± 0.15, P 
= 0.067; Table 2). Clinical endometritis had no effect 
on any of the studied indicators (P > 0.10; Table 2). 
Time by clinical endometritis interaction had an effect 
on NEFA and BHBA concentrations (P < 0.001 and 
0.065, respectively; Figure 5). The remaining interac-
tions had no effect (P > 0.10). Time had linear effects 
on BUN (P < 0.001), and quadratic effects on BCS, 
BHBA, and IGF-1 (P < 0.001, 0.010, and < 0.001, 
respectively; Table 2). Prepartum BCS, BUN, insulin 
and IGF-1 were higher than postpartum values (P < 
0.001, 0.004, 0.021, and <0.001, respectively; Table 2), 
whereas prepartum and postpartum NEFA and BHBA 
were similar (P = 0.62 and 0.20, respectively).
DISCUSSION
The objectives of this study were to assess the clinical 
and metabolic risk factors for clinical endometritis and 
its effects on reproductive performance, milk produc-
tion, and metabolic status. The 14% incidence of en-
dometritis is similar to that reported in previous works 
(Ghanem et al., 2002; Le Blanc et al., 2002; Mejía and 
Lacau-Mengido, 2005; Gautam et al., 2010; Potter et 
al., 2010; Plöntzke et al., 2011).
Risk Factors
The risk for clinical endometritis increases in cows 
with abnormal calving and with metritis (especially 
puerperal metritis). Our data support previous reports 
that have found dystocia, retained placenta, and me-
tritis as predisposing factors (Ghanem et al., 2002; Le 
Blanc et al., 2002; Dubuc et al., 2010a; Gautam et al., 
2010; Potter et al., 2010). Calving problems are as-
sociated with human intervention, tissue lesions, and 
bacterial contamination, and all these factors predis-
pose the cow to uterine infections such as metritis 
and endometritis (Sheldon et al., 2009). The risk also 
increases with high NEFA and BHBA concentrations. 
Therefore, cows with poor energy balance are at higher 
risk for clinical endometritis. In addition, indicators of 
energy balance such as prepartum NEFA (Se = 0.69, 
Sp = 0.88, and LR+ = 5.42) and postpartum BHBA 
(Se = 0.58, Sp = 0.86, and LR+ = 4.05) could be 
useful for the prediction of the disease. That supports 
previous studies showing that NEFA concentrations at 
wk −1 higher than 0.3 mM (Kaufmann et al., 2010) 
or 0.5 mM (Dubuc et al., 2010b) were associated with 
increased odds of clinical endometritis (odds ratio = 
9.08, Kaufmann et al., 2010; odds ratio = 1.31, Dubuc 
Table 2. Mixed-model effects on milk yield and on indicators of metabolic status in Holstein dairy cows (milk and BCS, n = 303; metabolites, 
n = 110; and hormones, n = 50)1 
Item
Clinical endometritis (CE)2 P-value
No (LSM) Yes (LSM) SE Time3 CE Time × CE Linear Quad4 Pre-Pos5
Milk6 25.67 27.78 0.41 <0.001 0.040 0.89 <0.001 <0.001 —
BCS7 2.63 2.60 0.02 <0.001 0.56 0.94 <0.001 <0.001 <0.001
NEFA8 592.67 600.09 21.61 0.10 0.90 <0.001 0.069 0.22 0.61
BHBA9 514.99 478.22 28.44 0.014 0.61 0.065 0.13 0.010 0.59
BUN10 10.19 9.42 0.44 <0.001 0.49 0.44 <0.001 0.43 0.001
IGF-111 227.95 283.76 16.92 <0.001 0.21 0.20 <0.001 <0.001 <0.001
Insulin 1.44 1.56 0.10 0.38 0.65 0.30 0.95 0.18 0.66
Leptin 1.65 0.80 0.37 0.50 0.28 0.64 0.92 0.43 0.59
1Parity (primiparous vs. multiparous cows) had effects on milk (26.76 ± 0.71 vs. 25.60 ± 0.87 kg/d, P = 0.025), BCS (2.59 ± 0.03 vs. 2.65 ± 
0.02, P = 0.094), NEFA (555.38 ± 32.64 vs. 630.89 ± 22.09, P = 0.058), BUN (8.10 ± 0.68 vs. 12.05 ± 0.46, P < 0.001), and insulin (1.62 ± 
0.12 vs. 1.28 ± 0.15, P = 0.074).
2Clinical endometritis: cows having vaginal discharge other than normal clear 41 d postpartum.
3Time: days related to parturition (d: −14, 6, 21, 31, 41, and 50).
4Quad: quadratic effects of time.
5Pre-Pos: prepartum versus postpartum values.
6Milk: milk yield (kg/d; n = 303).
7Body condition score: 5-point scale (n = 303).
8Nonesterified FA (μM): n = 110.
9β-Hydroxybutyrate (μM): n = 110.
10Blood urea nitrogen (mg/dL): n = 110.
11Insulin-like growth factor 1 (ng/mL): n = 50.
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et al., 2010b). High prepartum NEFA and postpartum 
BHBA concentrations are indicative of negative energy 
balance, which may reflect a decrease in DMI (Bell, 
1995; Horst et al., 1997). In turn, this negative energy 
balance may have a detrimental effect to neutrophil 
functions and, therefore, to uterine health (Hammon 
et al., 2006).
Cure
We also found that the likelihood for having a normal 
VD 41 dpp increased with time (1% per dpp), and with 
normal calving, because they have higher odds than 
abnormal-calving cows (~2.5 times). The fact that cows 
having normal calving have a greater chance for VD-0 
(i.e., cure) than herdmates having abnormal calving 
was expected for the reasons already mentioned (lower 
risk for tissue lesions and bacterial contamination). 
Spontaneous cure of clinical endometritis has recently 
been reported as common (~70%) during the postpar-
tum period (Mejía and Lacau-Mengido, 2005; Gautam 
et al., 2010; Dubuc et al., 2011b; Plöntzke et al., 2011). 
In the present study, a multinomial logit with repeated 
measures was used, which accounted for the effect of 
postpartum time on the likelihood for having a normal 
VD. Thus, this is an unbiased measure of the relation-
ship between postpartum time (dpp) and cure rate and, 
therefore, the first study that measures VD evolution 
(i.e., cure rate) in postpartum dairy cows accounting 
for the effect of dpp (cure: 1% per dpp).
Clinical Endometritis Effects
Clinical endometritis reduces the risks for pregnancy 
by 100 dpp, and increases the risks for nonpregnancy 
by 200 dpp and for culling. In addition, it reduces the 
hazard for pregnancy per day at risk and extends the 
calving-to-conception interval (by approximately 70 
d). Therefore, this disease has various negative effects 
on reproductive performance. Our data supports the 
results from previous studies reporting detrimental ef-
fects of endometritis on reproduction (Fourichon et al., 
2000; LeBlanc et al., 2002; Gautam et al., 2009, 2010; 
Gilbert et al., 2005; McDougall et al., 2007; Barlund et 
al., 2008; Runciman et al., 2008; Dubuc et al., 2010a, 
2011b; Plöntzke et al., 2011). As we did not check cows 
for subclinical endometritis, our reference group of nor-
mal cows (no endometritis) may have included some 
animals having subclinical endometritis that may also 
have affected reproductive efficiency and, therefore, we 
could have underestimated the effect of clinical endo-
metritis on reproductive performance. Many ways exist 
by which the negative effects of clinical endometritis 
could take place: first, through a delay in the return to 
cyclicity after parturition (Mateus et al., 2002; Sheldon 
et al., 2002); second, through the production of smaller 
corpora lutea with lower circulating concentrations of 
progesterone (Williams et al., 2007); third, through the 
clear disruption of the uterine environment (Bondurant, 
1999; Sheldon and Dobson, 2004); and last, through an 
impairment of embryo development (Soto et al., 2003).
Cows having clinical endometritis produce more 
milk (~2 kg/d) than normal herdmates. That does 
not support previous reports showing no relationship 
between endometritis and milk production (Fourichon 
et al., 1999; Dubuc et al., 2011a). We do not have an 
explanation for this finding, but it could be due to the 
difference in production system, feeding regimen, and 
so on. Final findings were that clinical endometritis 
had no effect on metabolic status, as affected cows had 
similar levels of metabolites (BCS, NEFA, BHBA, and 
Figure 5. Mixed-model effects on NEFA and BHBA concentra-
tions in Holstein dairy cows (n = 110) with or without clinical en-
dometritis. Clinical endometritis was defined as cows having vaginal 
discharge other than normal and clear 41 d postpartum. A time by 
clinical endometritis effect was observed on both NEFA (P < 0.001) 
and BHBA (P = 0.065) concentrations. *P < 0.05, **P < 0.01.
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BUN), and metabolic hormones (insulin, IGF-1 and 
leptin) to normal herdmates. The lack of effect of clini-
cal endometritis on metabolic status seems reasonable, 
as this factor is only restricted to the uterus and is not 
accompanied by systemic signs of illness (Sheldon et 
al., 2009), and is supportive of no detrimental effect on 
milk production. These results could be generalized to 
other farms under similar production systems.
CONCLUSIONS
Cows with abnormal calving, puerperal metritis, and 
in a deeper negative energy balance are at higher risk for 
clinical endometritis. Indicators of energy balance, such 
as prepartum NEFA and postpartum BHBA concentra-
tions, could be useful for its prediction. The percentage 
of cows having normal VD increased with time postpar-
tum (1% per day) and was reduced in cows with calving 
problems. Clinical endometritis had detrimental effects 
on reproductive performance by extending calving-to-
conception intervals (by approximately 70 d), reducing 
the risks for pregnancy by 100 dpp, increasing the risks 
for nonpregnancy by 200 dpp, and increasing the risk 
for cull. Affected cows produced more milk (~2 kg/d) 
than normal herdmates. Finally, clinical endometritis 
has no effect on metabolic status, as cows with the 
disease had similar BCS, and NEFA, BHBA, BUN, 
insulin, and leptin concentrations to normal herdmates.
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